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ENDOBRONCHIAL stent placement 
with expandable metallic stentB has 
emerged as a potential treatment for 
airway narrowing resulting from a 
variety of benign and malignant dis- 
eases (1-8). Treatment of anastomotic 
Strictures or airway maiacia with use 

— of metal stents following lung trans- 

- plantation has been reported by a 
number of authors (2,4-6,9,10). Stent 
placemont represents an appealing 
therapeutic option for patients with 
widespread malignant tumor, when 
long lesion length prohibits resection, 
in cases in which surgery is otherwise 
cuntraindicuted, or when airway nar- 
rowing threatens imminent respira- 
tory failure. For management of ste- 
noses resulting from extrinsic com- 
pression, endobronchial stent place- 
ment represents one of few therapeu- 
tic options since treatments such as 
endoscopic resection (U), cryotherapy 
(12), or laser photoresection (13) are 
riot possible. 

Published experience with tracheo- 
bronchial Palmaz stent placement is 
relatively limited. The existing series 
report genornlly favorable or promis- 
ing results (3,7,8). Herein, we report 
the deformation and collapse of ex- 
pandable Palmaz stents following 
placement within the airways of three 
different patients. Migration of tra- 
cheobronchial Palmaz stents was seen 
in two of these patients and, to our 
knowledge, has not been previously 
reported. In one of these patients, a 
Palmaz stent migrated from its initial 
position in the left mainstem bron- 
chus to the right lower lobe bronchus. 
These complications were seen in a 
consecutive series of tracheobronchial 
stent placements between November 
1995 and October 1997. During this 
23-month interval, 24 Palmaz stents 
were placed in eight patients. 

Hautmann has previously reported 
one case of Palmaz stent collapse fol- 



; lowing placement within the tracheo- 
! bronchial tree (14). An additional case 
: was seen in a series of 12 patients 
; reported by Slonim at al (8). The suit- 
. ability of the Palmaz stent for use in 
: the tracheobronchial tree is brought 
: lnto question by the frequency of 
: stent failure we have experienced cou- 
;pled wi th prior roporta of failure by 
: other investigators. 



;| METHODS 

A combined team of physicians 
ifrnm the interventional radiology and 
ipulmonology departments performed 
■all endobronchial stent placements. 
jEach of the stent placement proce- 
dures was performed during adminis- 
Ration of general endotracheal anes- 
thesia. Endotracheal lidocaine was 
; admini B tered to reduce bronchospasm. 
iStent and balloon diameters were se- 
lected to match or minimally exceed 
jthe diameter of adjacent normal air- 
ways. Initial measurements were ob- 
it* ined with use of proprocedure chest 
.computed tomography (CT) examina- 
tions. These measurements were veri- 
fied during the stent placement proce- 
dures by comparing air bronchogram 
jand bronchoscope diameters fluoro- 
•scopically. Appropriate stent length 
iwas determined by measuring the 
amount of bronchoscope withdrawn or 
inserted to move the distal end of the 
instrument across the region of nar- 
rowing. 

; Prior to stent deployment, lesions 
were localized with external position 
markers placed using combined bron- 
fchoscopic and fluoroscopic guidance. 
Bronchography was not used. Initial 
Palmaz stent placement was per- 
formed without prediction. A guide 
wire was passed through the broncho- 
scope and across the lesion under di- 
rect visualization. The bronchoscope 
then removed. The Palmaz stent 
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Table 1 

Patient and Stent Placement Data 



Age at 
Stent 

Patient Placement 



Initial 
Stent 
Placement 
Date 



Right lung transplant 
9/6/96 for severe 
emphysema 

Left lung transplant 
4/7/92 for aevero 
emphysema 

Wegener 
granulomatosis 
with increasing 
shurtness of breath 



Stent Placement Location 



Right mainaljem bronchus 

Bronchus infermedius 
Left mainatein bronchus 

Left mainstem bronchua 



Maximum 
Palmaz Dilation 
Stent Diameter 
(mm) 




Partial collapse with loosening 
and displacement of 
bronchua intermedius stent 

Crumpled right mainatem 
bronchus at-- L 



Stent crushed 

Spontanooua migration of 
stent into bronchus 
intermedius 

Crumpling and further 
displacement of the stent 
into right lower lobe 
bronchus 



Removal 0 f stent using tip deflecting w,rP 
; ( fe m ^4 tW0 ^P»W stents 

: dilation 0 crumpled stent with 15-mm 

Coaxial placement of two additional 
, Palmaz stents (P308) 
Finding not recognized at time of CT 
; examination 



Crumpled stent rcmov 
; «heath and basket 



using retrieval 



was advanced over the wire and 
across the lesion. The stent was bal- 
loon expanded at the location delim- 
ited by the previously placed external 
poaition markers. Bronchoscopy was 
performed to confirm stent position 
and appropriate apposition of stent 
against airway walls. The establish- 
ment of a stonted lumen comparable 
m diameter to the adjacent normal 
airway and absence of a step-off at 
the junction of stented and native 
bronchial wall were also verified. 

In some cases, two overlapping 
stents were used to treat a single le- 
sion. Placement of multiple stents at 



a single site simplify accuse lesion 
coverage because the first stent pro- 
vides a fixed position marker within 

with both bronchoscopy and fluoros- 

j CASE REPORTS " """" 

Clinical data and information re- 
garding g tent placements, failures 
and interventions for each patient'arc 
summamed in Tables 1 and 2 

PcUcnt 1. — A 54-year-old woman 
underwent right lung transplantation 



m September 1995 for sovere emphy- 
; 3oma. Bronchomalacia in the region of 
: the anastomosis was identified at 
' br °B<*oscopy performed during 
: W»*-UP of recurrent airway infection 
Ine pattent was treated with endo- 
bronchial placement of metallic stents 
in February 1997. The right main- 
stem bronchus diameter adjacent to 
the transplant anastomosis was 12 
mm. Two 3-cm Palmaz stents (P308) 
(Johnson & Johnson Interventional 
Systems Warren, NJ) were placed 
across the anastomosis and dilated 
sequentially with 12-mm and 14 mm 
angioplasty balloons. Sixteen days 
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Figure 1. CT (a) and bronchoscopic images (b) of patient 1 44 ,t„v« , I 

stem bnmdiu,. (a) CT image at the level Jfr the righfupper Lbe SSSaS d?mZ^ PalmW fitents « main- 



after the initial procedure, an addi- 
tional Palmaz stent (P308) waa placed 
in the bronchus intermedius. The di- 
ameter of the bronchus intermedin 
was 11 mm and the stent was ex- 
panded with a 12-mm balloon. At this 
time, a third Palmaz stent (P308) was 
placed in the right mainstem bron- 
chus to extend the previously stented 
region. It was dilated sequential to 14 
mm. There were no immediate com- 
plications attributable to the stent 
placements. Wide patency of the 
etentod right mninstem bronchus was 
demonstrated on routine CT and 
bronchoscopic examinations 44 days 



after the initial stent placements (Pig 
la, lb). The examinations were per- 
formed during both inspiration and 
expiration. Covering of the right mid- 
dle lobe orifice resulting from a 
0 S-cm displ ace ni ent of the previously 
placed bronchus intermedius stent 
was identified.at this time. A tip-de- 
flecting wire was used to hook and 
remove this stent under bronchoscopic 
guidance 5 days lator. A new 15 ml 
long Palmaz stent (P154) was pos i- 
t.oned m the bronchus intermedins 
and dilated to 12 mm. A second, 20- 
mm-long Palmaz stent (P204) waa fcW 
placed coaxialty through the first to 



extend the stunted region The mi- 
gration Of the bronchus intermedins 
stent was clinically occult. The pa- 
tent had remained without evidence 
ot recurrent pulmonary infection 
sik« the initial stent placements. 
CjT of the chest waa performed 219 
days after the initial stent place- 
ments when the patient again pre- 
sented with airway infection. Crum- 
pling of the stents within the right 
mamstem bronchus was identified 
at! this time. The failure was suhse- 
quentty confirmed at bronchoscopy 

le, Id). Removal was at- 
tempted, but unsuccessful despite 
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Figure 2. Digital spot film images 
depicting tho intervention performed 
following collapse of the right main- 
stem bronchus stents in patient 1. Un- 
successful attempt, to remove the col- 
lapsed stents were made using (a) a 
t.p-deflectin K wire, (b) H forceps ad- 
vanced through the bronchoscope, and 
(C) a snare. A Palmaz stent within the 
bronchua intermudius is also seen in 
those images, (d) Following failed at- 
tempts at removal, the collapsed . 
Palniai stents worn re-expanded using 
a 15-mm angioplasty balloon, (e) A 
coaxial le-mm-diametef Wailstcnt was 
subsequently deployed. 



efforts using a tip-deflecting wire 
(Fig 2a), a forceps advanced 
through the bronchoscope (Fig 2b) 
and a snare (Fig 2c). The crumpled 
Stents were subsequently reex- 
panded uaing a 15-mm angioplasty 
balloon (Fig 2d). In an effort to pre- 
vent recurrent failure of the Palmaz 



Stents, a 16-tnm-diajneter Wnllstent 
(B16609110) (Schneider, Minn Jp? 
ba, MN) was deployed and dilated tn 
15 mm after it was manually 
trimmed to 2 cm in length (Fig 2e) 
At last follow-up, 14 months a fW 
the initial stent placements, the, pa- 
tient was doing well without clinical 



recurrenco of pulmonary infection or 
need for further intervention. 

Patient 2. — A 62-y ear-old man un- 
derwent left lung transplantation in 
April 1992 for severe emphysema. In 
October 1996, bronchoscopy revealed 
a respiratory fluctuation in airway 
diamoter at the transplant a 
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Figure 3. (a, b) Contiguous 8-mm CT images of patient 3 at the level of the car ' 
i. The images were acquired 1 day after placement of a lfj-mm-long p alma2 etent ; 



n the left mnin8tem bronchus. The stent w 

nent. It appears widely patent And well positioned. 



sis suggesting airway malaria. The 
patient reported a progressive wors- 
ening of his exorcise tolerance asaoci- 
ated with productive cough, wheezing, 
and blood-tinged sputum approxi- 
mately 2 months later. In January 
1997, two 30-mm Palmaz stents 
(P308) were placed within the left 
raainstem bronchus using fiberoptic 
bronchoscopy and fluoroscopic guid- 
ance. The left mainstem bronchus ad- 
jacent to the anastomosis measured 8 
mm. The stents were sequentially di- 
lated with use of 8-ram and 10- mm 
balloons. Bronchoscopy immediately 
following the stent placements dem- 
onstrated good stent position and an 
improvement in the diameter of the 
bronchial lumen. The patient reported 
mild cough but experienced subjective 
improvement in exhalation 1 day af- 
ter the procedure. Bronchoscopy 18 
days later revealed an intact stent. 
Chest CT was performed 78 days af- 
ter the initial stent placements when 
the patient again complained of short- 
ness of breath. Recurrent narrowing 
in the region of the left mainstem 
bronchus was identified. Crushing 
and deformation of the previously 
placed Palmaz stents were revealed 
on subsequent bronchoscopy. The 
stents also appeared to have short- 
ened both proximally and distally. 
The following day, two additional 
P308 Palmaz stents were placed co- 
axially and dilated with use of a 
12-mm angioplasty balloon. The pa- 



tient's recurrent shortness nf breath 
was relieved by this intervention 
Bronchoscopy 106 days after the ini- 
tial stent placements revealed ideal 
position and diameter of the stents. 
At last follow-up, 15 months after the 
initial stent placements, the patient 
had not experienced a recurrence of 
the symptom of shortness of breath. 
Patimt 3.— A 55-year-old woman 
. was diagnosed with Wegener granulo- 
matosis in April 1996. Medical ther- 
apy was initiated at this time. The 
patient presented 2 weeks later fol- 
lowing 4 days of increasing dyspnea. 
CT of the chest at this time revealed 
a focal narrowing of the left mainstem 
bronchus just below the carina. Bron- 
choscopy revealed a stenosis second- 
ary to inflammatory granulomas at 
this sito. Three weeks after initial 
presentation, the patient underwent 
placement of a 15-mm Palmaz stent 
(P154) m the left mainstem bronchus. 
The right mainstem bronchus and ad- 
jacent normal left mainstem bronchus 
measured 7 mm in diameter on the 
preprocedure CT scan. These airway 
Sizes were confirmed by meawurement 
of their air.bronchograms at the tirno 
of the procedure. Based on these mea- i 
suremants, the stent was expanded 
with an 8-ram balloon. The patient 
experienced improvement in subjec- 
£r ^J?* 01 "? and ?xyzw saturation. : 
Chest CT performed 1 day after stent 
placement revealed a widely patent 
stent m the region of the previous left '. 



mainstem stenosis. Re-establishment 
of a normal diameter airway lumen 
within the stcnted segment wa$ evi- 
dent on these images (Fig 3a, 3b). 
Chest CT performed 211 days after 
placement of the left mainstem bron- 
chus stent revealed its spontaneous 
migration into tho bronchus interme- 
dius (Fig 3c, 3d). This finding was 
not recognized at the time of initial 
interpretation of this CT examination. 
Instead, the finding was aaaumed to 
represent interval removal of the left 
mainstem bronchus stent and place- 
ment of a now stent in the bronchus 
intermedius. Preservation of the left 
mainstem bronchus diameter and 
maintenance of stent patency despite 
Us translocation into the bronchus 
intermedius likely contributed to this 
erroneous interpretation. Crumpling 
and further displacement of the stent 
into the right lower lobe bronchus 
was identified at cheat CT performed 
357 days after the initial stent place- 
ment (Fig 3e, Sf). This finding was 
. confirmed on bronchoscopy 5 days 
later. At the time of bronchoscopy, the 
crumpled stent (Fig 4) was success- 
fully engaged and removed using a 
basket. At 24 months after initial 
stent placement, the patient was do- 
ing well and had not experienced re- 
current increasing dyspnea 



: I DISCUSSION 

Tracheobronchial placement of ex- 
pandable and solf-expanding metal 
stents represents an appealing thera- 
poutic option for a select group of pa- 
tients with airway narrowing or mala- 
ria. When expanded within airways, 
these metallic stents can provide a 
generous lumen relative to the out- 
side stent diameter. The largo inter- 
stices of these mesh-like tubea permit 
continued function of respiratory mu- 
cosa and may roduce tho risk of ob- 
structing covered branch airways (5). 

Reports exist, however, of mechani- 
cal failures of expandable and self- 
expanding metal stents following 
their placement in the tracheobron- 
chial tree. In a series of 36 cancer pa- 
tient undergoing tracheobronchial Gi- 
anturco stent placement, Caxrasco et 
al reported five instances of mechani- 
cal stent failure including stent atrut 
fracture (one case), stent unraveling 
(two cases), and failure of stent ex- 
pansion (two cases) (1). Hramice and 
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patent although its lumen diameter is decrease), <e, 0 ConZoua^ Z FU ' ?T ge , in ^ itioa - ^ remains 

hon poured m Figure 3b. Further distal migration ot thT^t Zo^rfltZT^V^ U * days ** 

haa become d.stortod and its lumen is collapsed nffht lm * er lob ° bronchus is aeen . The Palmaz stent 



Hasaler reported mechanical failures 
of three tracheobronchial Gionturco 
stents. Fracture of metal struts oc- 
curred in two nf these stents. Widen- 
ing of the upper end of a third stent 
was identified, indicating disruption 
of the nylon suture encircling the end 
of the stent (4). Fracture of Gisnturco 
Btent struts, with or without stent mi- 
gration, was seen in six of 19 (31%) 
patients with tracheobronchomalacia 
m a series reported by Rousseau et al. 
Two of these six patients underwent 
stent extraction, and there was one 
caHe of fatal respiratory distress (6). 



Hind and Donnelly reported a single 
case of Cianturco stent disruption and 
dislocation that resulted from cntan^ 
glement of the stent with a tracheo- 
bronchial suction catheter (IS) ; 

Mechanical failures of Palmaz ' 
stents placed within the tracheobron- 
chial tree have been published. H uu t- 
mann et al reported physical distor- 
tion of a tracheobronchial Palmaz : 
stent with blockage by accumulated : 
purulent secretions. In this case, the 
stent was removed and replacod with 
a Strecker stent (14). Compression 
and doformation of tracheobronchial 



Palmaz stents were identified 2 days 
after placement in one of 12 cases re- 
ported by Slonim et al. Those authorB 
attributed the failure to tha dynamic 
pulsatile character of the extrinsic 
airway compression, which was 
caused by an aortic aneurysm (8) 
r r uf^, entati0n of *« wiro ^laments 
of Wallstenta following placement in 
the tracheobronchial tree has also 
been cited (4). 

These mechanical failures generate 
uncertainty regarding which of the 
available metal stents is appropriate 
for use within the tracheobronchial 
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Figure 4. Collapsed and distorted 
15-mm Palmaz Htent following retrieval 
from the bronchus intermedius of pa- 
tient 3 (white bar equals 1 cm). 



tree. Although the majority of re- 
ported mechanical failures involve 
Gianturco stents, this may in part 
reflect greater experience with this 
stent. 

Several characteristics of Palmaz 
stents make them desirable for place- 
ment Within the tracheobronchial 
tree. First, placement with balloon 
expansion facilitates accurate posi- 
tioning compared with self-expanding 
stents. Second, they are available in a 
variety of sizes and, if necessary, can 
be over-expanded or tapered to con- 
form to a segment of the bronchial 
tree. Finally, the rigidity of Palmaz 
stents suggests the potential to pro- 
vide a significant radial force follow- 
ing expansion. Unfortunately, the lon- 
gitudinal stiffness and lack of radial 
compliance of Palmaz stents is also 
permissive of the deformation and col- 
lapse we have observed. When com- 
pressed by an impulsive force or bent 
along their longitudinal axis, Palmaz 
stents do not recoil to their original 
expanded configuration. In contrast, 
Wallstenta tend to spring back to 
their original diameter following com- 
pression. 

We have observed the deformation 
and collapse of expandable Palmaz 
stents following placement within the 
airways of three different patients. In 
one of these patients (pationt 1), stent 
failures occurred twice: once in the 
bronchus intermedius and subse- 
quently in the right mainstem bron- 



chuH. Two of our patients were 
treated with stents for airway mala- 
cia. The indication for stent place- 
ment in the third patient was stenosis 
secondary to inflammatory granulo- 
mas. The stent failures were, there- 
fore, not associated with a single di- 
agnosis. No dynamic, pulsatile, ex- 
trinsic mass was present in any of our 
patients. None of our patients were 
treated with tracheobronchial suction 
in the interval between stent place- 
ment and failure. We speculate that 
the stent failures resulted from the 
compressive force on airways caused 
by coughing, which generates high 
intrathoracic and transmural airway 
pressures. 

In two of our patients (patients I 
and 3), stent migration was also iden- 
tified. Patient 3 experienced sponta- 
neous migration of a stent from the 
left mainstem bronchus into the bron- 
chus intermedius. Although the lu- 
men of the Btent remained patent de- 
spite this translocation, a decrease in 
stent diameter was seen. Compression 
and decreased diameter of the stents 
with resultant loosening probably per- 
mitted these migrations to occur. 

In conclusion, we have seen defor- 
mation and migration of Palmaz 
stents following placement in the tra- 
cheobronchial tree. These stent fail- 
ures occurred in three of eight pa- 
tients in whom Palmaz stents were 
placed. Interventional radiologists 
should be aware of these potential 
complications. We believe that stont 
collapse and migration could result in 
death secondary to airway obstruc- 
tion. Because of this experience wc 
have decided to 3top using Palmaz 
stents in the tracheobronchial tree. 
Although mechanical failure of Walls- 
tents in the form of filament fragmen- 
tation is known to occur, resultant 
clinical complication or loss of stent 
function has not been reported. Be- n ; 
cause of their longitudinal flexibility 
and radial recoil following compres- 
sion, Wallstenta, Streckor stents, or 
other stents with an intrinsic expan- 
sile quality may represent a better 
choice for placement in the tracheo- 
bronchial tree. 
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